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The cheese matrix as 
a delivery vehicle
for probiotics bacteria
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Health & wellbeing
Develop functional and 
designer food against modern 
lifestyle diseases
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Driving functionality
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→ through matrices
→ through processes
→ this talk
→ earlier
STLOpen Days
19-21 March 2019
The concept of  « 2-in-1 » bacteria
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The technological pathway use to select 
the bacteria
Selected starters
Texture
Aroma
Acidification
And now we select the bacteria
Historically without added 
starter!!!!
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The concept of  « 2-in-1 » bacteria
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Other bacteria are selected for probiotic 
properties
IBS, IBD, atopy, 
intolerance …
Selected probiotics
Immunomodulation
Digestion
Intestinal pain
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The concept of  « 2-in-1 » bacteria
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2-en-1 bacteria
A second 
selection is 
possible
Biological Resource Centre
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« 2-in-1 » propionibacteria
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In vitro
In vivo
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IL-10
Selected probiotics
Anti-inflammatory properties
Biological Resource Centre
Propionibacterium freudenreichii
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A key role of propionibacteria surface 
proteins
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IL-10 
Inflammation
O’Flaherty, 2011, Gut Microbes
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Other « 2-in-1 » bacteria
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Lactobacillus delbrueckii
Propionibacterium freudenreichii
Let’s make probiotic 
cheese!!!
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A reverse-engineered 2-strains cheese
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Microfiltr. Milk
Powder 100 g/L
Cream 150 g/L
Sterilisation
Culture P. freudenreichii
30°C, 72 h
Pre-cheese
UHT Milk
Culture L. delbrueckii
42°C, 4 h
Fermented Milk
Clotting, stirring, cooking, moulding, 
pressing, wrapping, ripening
Dairy Platform
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A reverse-engineered 2-strains cheese
challenged in vivo
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A reverse-engineered 2-strains cheese
protects from colitis
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CTL + TNBSHealthy
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But it is still a lab cheese!
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Selected probiotics Selected starters
Immunomodulation
Digestion
Intestinal pain
Texture
Aroma
Acidification
2-en-1 bacteria
Propionibacterium freudenreichii
Streptococcus thermophilus
Lactobacillus delbrueckii
Let’s make a real 
Emmental cheese!
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This Emmental cheese protects from 
colitis
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PBS control DSS
50 μm
Probiotic EmmentalNoninflamed control
50 μm
50 μm
Continuous gavage, 10 days
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Another example of application:
fighting mucositis
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GI inflammatory diseases
- GIT Chronic inflammation
IBD
Ulcerative
Colitis
Mucositis
5-Fluoracil (5-FU)
- Head, neck and colon cancer.
GI Mucositis
Oral mucositis
(Chang et al., 2012; Falvey et al., 2015)
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Another example of application:
fighting mucositis
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IBD available treatment
- Local anesthesics;
- Antibiotics.
Temporary benefit!!!
- Imunossupressors;
- Antibiotics.
Strong side effects!!!
 NO CURE AVAILABLE
Mucositis available treatment
 Treatment for mucositis and IBD are limited;
 Development of new therapies is ecessary.
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PBS + 5-FU
LDF + 138 + 5-FU LDFWPI + 138 + 5-FU 
Representative images from mucosal histopathology (H&E)
Healthy Ileum
Milk supplemented with Whey 
Proteins and fermented by P. 
freudenreichii .
Fermented milk protects from mucositis
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Fermented milk preserves mucus
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PBS + 5FU
LDF + 138 + 5FU LDFWPI + 138 + 5FU
Representative images of stained goblet cells (PAS)
Goblet cells counts 
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Conclusion:
√ Fermented foods: a source of immunomodulatory bacteria
√ Molecules and strains involved are being identified
Perspectives :
√ Preclinical and clinical studies with fermented products
√ Fermented food for specific populations
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